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commentary

opportunities for materials discovery, 
and for innovations in design and 
manufacturing. In fulfilling those 
aspirations, advanced structural ceramics 
will undoubtedly play a crucial role. In 
most cases, straightforward replacement 
of metallic components within existing 
propulsion systems is unlikely to exploit 
the full potential of advanced ceramics. 
Thus, a ceramics-relevant redesign of the 
entire system is needed, where the whole-
component performance and function(s) 
requirements within the system are 
understood and specified. Meeting those 
aggressive requirements will necessitate 
the design of components with hierarchical 
architectures, comprising constituent 
ceramics and their ensembles, while 
embracing and exploiting the increasing 
complexity at multiple length scales. 
Accelerated development of new constituent 
ceramics will be needed to achieve the 
required properties within the ensemble 
that cannot be met by existing materials. 
Processing and manufacturing of these 
components will remain a challenge, but 
it presents a fertile ground for innovation, 
and it needs to be an integral part of the 
effort. Considering the inordinate expense 
of extensive component-level testing 
under realistic engine conditions, reliable 
physics- and mechanisms-based models that 
describe the behaviour of the constituent 
ceramics, the ensembles and the component 
at multiple length/temporal scales will need 
to be developed. Sophisticated ex situ, in situ 
and in operando multiscale characterization, 
and representative multiscale testing of the 
constituent ceramics, the ensembles and the 
component will be needed to inform and 
to validate the models. However, there is 
no substitute for targeted component-level 
experimental demonstrations to familiarize 

systems designers in working with advanced 
structural ceramics, and to bring about 
a culture shift. This integrated design–
modelling–experiment–manufacturing 
approach, spanning the ceramics–
ensembles–component–system hierarchy, 
embraces the Integrated Computational 
Materials Engineering34 and the Materials 
Genome Initiative35 paradigms. Advanced 
structural ceramics are poised to shape the 
future of aerospace propulsion, but such 
paradigm and culture shifts will be needed 
to accelerate their development and take 
advantage of their full potential. ❐

Nitin P. Padture is at the Institute for Molecular 
and Nanoscale Innovation and at the School 
of Engineering, Brown University, Providence, 
Rhode Island 02912, USA. 
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Alloy design for aircraft engines
Tresa M. Pollock

Metallic materials are fundamental to advanced aircraft engines. While perceived as mature, emerging 
computational, experimental and processing innovations are expanding the scope for discovery and 
implementation of new metallic materials for future generations of advanced propulsion systems.

As one of the major engineering 
achievements of the twentieth 
century, jet engines are among the 

most technologically complex engineering 
platforms that, from their inception, have 

been enabled by materials innovations1. 
Since 1980, commercial airline passenger 
traffic has grown by approximately 500%, 
with more than 3.5 billion passengers 
transported in 20152. The engines on these 

passenger aircraft consumed US$180 billion 
in fuel and operated with remarkable 
reliability2. Over the next 20 years it is 
projected that more than 38,000 new 
aircraft will be produced3. In addition to 
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  Process	
  Fiscal	
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  2015	
  

5	
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2	
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$	
  1.7B	
  

Science	
  Lee	
  
on	
  the	
  Table	
  

$	
  21.5B	
  
Declined	
  Proposals	
  FY	
  2015	
  

$	
  5B	
  

$	
  0B	
  

$	
  10B	
  

$	
  15B	
  

Average	
  Reviewer	
  Ra@ng	
  

Cumula@ve	
  
Requested	
  
Amount	
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  Physical	
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Program	
  
Updates	
  

Personnel	
  
and	
  
Plans	
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Facili@es	
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  Visit	
  to	
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  and	
  Gemini	
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We	
  are	
  here	
  

Progress	
  on	
  the	
  High-­‐Luminosity	
  
Large	
  Hadron	
  Collider	
  (HL-­‐LHC)	
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   CMS	
  

Transform	
  detectors	
  for	
  
opera@on	
  with	
  intense	
  beams	
  

of	
  the	
  upgraded	
  LHC	
  

Development	
   Design	
   Construc'on	
   Opera'on	
   Divestment	
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  Sciences	
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  Magne'c	
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  Lab	
  
Sets	
  New	
  World	
  Record	
  

Strongest	
  magnet	
  (36	
  T)	
  in	
  the	
  world	
  
for	
  NMR	
  spectroscopy	
  

Decade	
  of	
  planning,	
  designing,	
  and	
  construc@on:	
  
$	
  14.8M	
  from	
  DMR	
  

mid-­‐scale	
  instrumenta@on	
  program	
  

Drama@cally	
  higher	
  NMR	
  sensi@vity	
  
for	
  wider	
  range	
  of	
  elements	
  

Highest	
  fields	
  for	
  chemistry	
  and	
  biology	
  
-­‐	
  not	
  just	
  physics	
  

Revolu@onary	
  technology:	
  
Series	
  connected	
  hybrid	
  magnet	
  produces	
  

stable	
  and	
  homogenous	
  high	
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Mathema'cal	
  and	
  Physical	
  Sciences	
  

 (6287), 755-756. [doi: 10.1126/science.352.6287.755]352Science 
Jeffrey Mervis (May 12, 2016) 
NSF director unveils big ideas

 
Editor's Summary

 
 
 

This copy is for your personal, non-commercial use only. 

Article Tools

http://science.sciencemag.org/content/352/6287/755
article tools: 
Visit the online version of this article to access the personalization and

Permissions
http://www.sciencemag.org/about/permissions.dtl
Obtain information about reproducing this article: 

 is a registered trademark of AAAS. ScienceAdvancement of Science; all rights reserved. The title 
Avenue NW, Washington, DC 20005. Copyright 2016 by the American Association for the
in December, by the American Association for the Advancement of Science, 1200 New York 

(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last weekScience 

 o
n 

Ju
ne

 1
7,

 2
01

6
ht

tp
://

sc
ie

nc
e.

sc
ie

nc
em

ag
.o

rg
/

D
ow

nl
oa

de
d 

fro
m

 

11 NOVEMBER 2016 • VOL 354 ISSUE 6313    693SCIENCE   sciencemag.org

W
anted: a good home for 10 used 

telescopes. Optical, radio, solar. 

Well-worn but cared for. Plenty of 

good years left. 

The U.S. National Science 

Foundation (NSF) is carrying out 

an unprecedented yard sale of some older 

telescopes so that it can save $40 million 

annually and operate a new generation of 

observatories. It has already arranged to 

offload or share costs for five telescopes, sav-

ing $12 million a year (see table, below). But 

not enough bargain hunters have yet stepped 

forward to secure a future for two of its 

largest and most iconic telescopes, the gi-

ant radio dishes in Arecibo, Puerto Rico, and 

Green Bank, West Virginia. On 28 October, 

NSF released a draft environmental impact 

statement (EIS) for Arecibo, a first step in 

assessing the implications of offloading—or 

even closing—the telescope.  

“We love these telescopes,” says Jim 

Ulvestad, director of NSF’s astronomy divi-

sion in Arlington, Virginia. “We simply don’t 

have the budget to run them all and push the 

frontier forward.” 

Already, the agency has a major new proj-

ect to support: the Atacama Large Millime-

ter/submillimeter Array (ALMA), 66 dishes 

recently completed in Chile in collaboration 

with Europe and Japan. Soon it will have to 

operate the Daniel K. Inouye Solar Telescope 

in Hawaii and the Large Synoptic Survey 

Telescope (LSST) in Chile, due for completion 

in 2019 and 2021, respectively. NSF currently 

spends $140 million from its $250 million 

annual astronomy budget on telescope op-

erations, leaving less than half its budget 

to support individual astronomers and me-

dium-sized projects and instruments. 

If the stable of telescopes does not shrink 

and there is no dramatic upturn in NSF fund-

ing, the two forthcoming telescopes will eat 

even more deeply into the division’s research 

awards. “It’s the combination of old and new 

coming together,” says Jacqueline Hewitt, an 

astronomer at the Massachusetts Institute 

of Technology in Cambridge, who chaired a 

2016 National Academies  report that helped 

articulate the problem. “There’s going to be 

a trainwreck.”

Scientists who rely on the threatened tele-

scopes say they are appalled by the prospect of 

closure. “It’s mind-boggling that NSF doesn’t 

see the merit of this facility,” says Robert Kerr,  

who quit as Arecibo director in 2015 because 

of frustration with NSF funding cuts. Maura 

McLaughlin, an astronomer at West Virginia 

University (WVU) in Morgantown, is a mem-

ber of the NANOGrav collaboration, which 

uses chunks of observing time at Arecibo and 

Green Bank to search for gravitational waves 

by monitoring the timing of pulsars—spin-

ning stars that act as accurate cosmic clocks. 

“Frankly, I think it’s crazy,” she says. “We’re 

very close to detecting gravitational waves. It 

would take $10 million per year to keep them 

open. But the NSF ship has sailed.” 

Yet in reports dating back to 2006, U.S. as-

tronomers accepted that its future lay in ob-

servatories such as ALMA and LSST, and that 

NSF says: Out with the old 
telescopes, in with the new
Agency wants to shed ownership of iconic radio dishes

ASTRONOMY

Caring for an endangered fern and reptile could add to 

the cost of dismantling the Arecibo radio telescope.

By Daniel Clery

Telescopes for sale
The National Science Foundation (NSF) is trying to shed 10 aging telescopes to make way for new ones. So far, it has found partners for five of them, and $12 million in savings. 

TELESCOPE ON OFFER LOCATION FIRST LIGHT PARTNERS/STATUS SAVING TO NSF

2.1-Meter Telescope Kitt Peak in Arizona 1964 Caltech-led consortium $0.5 million

Mayall Telescope  Kitt Peak in Arizona 1973 Taken over by U.S. Department of Energy $4 million

Very Long Baseline Array Various 1993 50% partnership with U.S. Navy $4 million

Green Bank Telescope Green Bank, West Virginia 2000 Breakthrough Listen, NANOGrav, West Virginia University $2.5 million

SOLIS Telescope/GONG Kitt Peak in Arizona 2003 NOAA sharing GONG operations costs $1 million

WIYN Telescope Kitt Peak in Arizona 1994 NASA providing new exoplanet instrument

Dunn Solar Telescope Sacramento Peak in New Mexico 1969 University consortium in development

Arecibo Observatory Arecibo, Puerto Rico 1963 Environmental review in process

SOAR Telescope Cerro Pachón, Chile 2003 Status review when collaboration ends in 2020

McMath-Pierce Solar Telescope Kitt Peak in Arizona 1962 Small user community presents few partner opportunitiesC
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awards. “It’s the combination of old and new 
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astronomer at the Massachusetts Institute 
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by monitoring the timing of pulsars—spin-

ning stars that act as accurate cosmic clocks. 
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would take $10 million per year to keep them 
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servatories such as ALMA and LSST, and that 
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Division!of!Astronomical!Sciences 
Portfolio!Review!Committee 

 
August!14,!2012 
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Mathema'cal	
  and	
  Physical	
  Sciences	
  

Telescope	
   Status	
  

KPNO	
  2.1m	
   Caltech-­‐led	
  consor@um	
  (Robo-­‐AO)	
  opera@ng	
  for	
  FY	
  2016-­‐2018.	
  

Mayall	
  4m	
   Slated	
  for	
  DESI;	
  bridge	
  from	
  NSF	
  to	
  DOE;	
  NSF/DOE	
  MOU	
  for	
  transi@on.	
  

WIYN	
  3.5m	
   NOAO	
  share	
  to	
  NASA-­‐NSF	
  Exoplanet	
  Observa@onal	
  Research	
  Program;	
  
NSF/NASA	
  MOU	
  in	
  place;	
  NASA	
  instrument	
  selected.	
  

GBO	
   Separa@on	
  from	
  NRAO	
  in	
  FY	
  2017;	
  ~25%	
  collabora@on	
  for	
  basic	
  scope;	
  
started	
  Environmental	
  Impact	
  Statement	
  (EIS)	
  process	
  on	
  October	
  19.	
  

LBO/VLBA	
   Separa@on	
  from	
  NRAO	
  in	
  FY	
  2017;	
  MOA	
  with	
  US	
  Navy	
  in	
  place	
  for	
  50%.	
  

McMath-­‐Pierce	
   No	
  obvious	
  partner	
  opportuni@es;	
  very	
  small	
  user	
  community.	
  

GONG/SOLIS	
   SOLIS	
  is	
  off	
  KiZ	
  Peak;	
  GONG	
  refurbishment;	
  Interagency	
  Agreement	
  	
  
with	
  NOAA	
  signed	
  (NOAA	
  sharing	
  GONG	
  opera@ons	
  costs).	
  

Sacramento	
  Pk.	
   University	
  consor@um	
  in	
  development,	
  and	
  NSF	
  funded	
  NMSU	
  for	
  
transi@on	
  to	
  consor@um;	
  started	
  EIS	
  process;	
  comple@on	
  in	
  2017.	
  

Arecibo	
   Formal	
  EIS	
  process	
  under	
  way,	
  and	
  issuance	
  of	
  Record	
  of	
  Decision	
  
targeted	
  for	
  2017.	
  Drae	
  EIS	
  released	
  October	
  28.	
  

SOAR	
   Post-­‐2020	
  status	
  to	
  be	
  reviewed.	
  

11/05/2016 31 Chairs-NSF/AST 

Divestment	
  Status	
  
(November,	
  2016)	
  

EIS	
  underway	
  or	
  planned	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

Implement	
  Scoping	
  

May	
  2016	
     
Publish	
  Drao	
  EIS	
  	
  

Oct	
  2016	
   20 - 50 
Publish	
  Final	
  EIS	
  	
  

May	
  2017	
  

Record	
  
of	
  Decision	
  

June	
  2017	
  

11/05/2016 32 Chairs-NSF/AST 

Sacramento	
  Peak	
  and	
  Green	
  Bank	
  are	
  on	
  similar	
  paths	
  
(2	
  -­‐	
  6	
  months	
  behind	
  Arecibo)	
  

Collabora'on	
  Solicita'on	
  

Na'onal	
  Historic	
  Preserva'on	
  Act	
  Consulta'on	
  

Endangered	
  Species	
  Act	
  Compliance	
  

October 28, 2016

Environmental Impact Statement for 
the Arecibo Observatory 

Arecibo, Puerto Rico
Draft

Science	
  Priori@es	
  
Budget	
  
Program	
  

(collaborators,	
  risk,	
  viability)	
  

Environmental	
  Impact	
  Statement	
  Timeline	
  
(Arecibo	
  as	
  an	
  Example)	
  

	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

Program	
  
Updates	
  

Personnel	
  
and	
  
Plans	
  

Budget	
  

Facili@es	
  

Agenda	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

The	
  Excitement	
  of	
  Advancing	
  Discovery	
  
Topological	
  Phases	
  

Molecular	
  Machines	
  

Physics	
  Nobel	
  Laureates	
  

Kosterlizt	
  Thouless	
   Haldane	
  

Chemistry	
  Nobel	
  Laureates	
  

Feringa	
  Sauvage	
   Stoddart	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

Commi7ees	
  of	
  Visitors	
  
DMS	
  COV	
  

September	
  19-­‐21	
  (report	
  today)	
  

A	
  Sampling	
  of	
  Ac'vi'es	
  and	
  Issues	
  

White	
  House	
  Events	
  

Na'onal	
  Strategic	
  Compu'ng	
  Ini'a've	
  
First	
  Anniversary	
  

Strategic	
  Op'ons	
  for	
  Quantum	
  Informa'on	
  

ADVANCING QUANTUM INFORMATION SCIENCE:  
NATIONAL CHALLENGES AND OPPORTUNITIES 

A JOINT REPORT OF THE 
Committee on Science and 

Committee on Homeland and National Security 
OF THE NATIONAL SCIENCE AND TECHNOLOGY COUNCIL 

 
 
 

Produced by the 
Interagency Working Group on Quantum Information Science 

of the Subcommittee on Physical Sciences 
 
 
 

 

July 2016 Materials	
  Genome	
  Ini'a've	
  (MGI)	
  
Fioh	
  Anniversary	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

Workshops,	
  Mee'ngs,	
  and	
  Reports	
  

A	
  Sampling	
  of	
  Ac'vi'es	
  and	
  Issues	
  

CHE	
  Workshops	
  on	
  Mid-­‐scale	
  Projects	
  
(Centers,	
  Instrument	
  Development)	
  

CHE	
  Workshop	
  on	
  Quantum	
  Informa'on	
  and	
  
Compu'ng	
  for	
  Chemistry	
  

DMR	
  Materials	
  Research	
  and	
  Engineering	
  Centers	
  Directors	
  

DMR	
  Biomaterials	
  Mid-­‐scale	
  Tools	
  and	
  Foundry	
  Workshop	
  

DMS	
  Transdisciplinary	
  Research	
  in	
  the	
  Principles	
  of	
  Data	
  Science	
  (TRIPODS)	
  
(joint	
  with	
  CISE/CCF	
  following	
  a	
  workshop	
  last	
  summer)	
  

PHY	
  Connec'ons	
  in	
  Quantum	
  Informa'on	
  Science	
  
(meta-­‐program	
  for	
  MPS	
  and	
  beyond)	
  

AST	
  NAS	
  Mid-­‐decadal	
  Report	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

Program	
  
Updates	
  

Personnel	
  
and	
  
Plans	
  

Budget	
  

Facili@es	
  

Agenda	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

State	
  of	
  the	
  Directorate	
   ✓	
  
Agenda	
  –	
  Day	
  1	
  

NSF	
  “Big	
  Ideas”	
  
Fleming	
  Crim	
  (Assistant	
  Director	
  for	
  MPS)	
  

Juan	
  DePablo	
  (MPSAC	
  Chair)	
  

75	
  

60	
  Working	
  Lunch	
  

DMS	
  COV	
  Report	
  
Peter	
  Jones,	
  Yale	
  University	
  (COV	
  Chair)	
  

Juan	
  DePablo	
  (MPSAC	
  Chair)	
  
60	
  

NSF	
  “Big	
  Ideas”	
  (Con'nued)	
   60	
  

Break	
   15	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

Agenda	
  –	
  Day	
  1	
  

Break	
   15	
  

Prepara'on	
  for	
  Mee'ng	
  with	
  NSF	
  	
  
Chief	
  Opera'ng	
  Officer	
  and	
  	
  

Head,	
  Office	
  of	
  Legisla've	
  and	
  Public	
  Affairs	
  

45	
  

Adjourn	
  

Dinner	
  at	
  7:30	
  
Grand	
  Cru	
  

Briefing	
  on	
  NSF	
  Merit	
  Review	
  Process	
  
Steve	
  Meacham,	
  Office	
  of	
  Integra@ve	
  Ac@vi@es	
   45	
  

Briefing	
  on	
  NSF	
  Strategic	
  Review	
  Planning	
  
Steve	
  Meacham,	
  Office	
  of	
  Integra@ve	
  Ac@vi@es	
   45	
  



Mathema'cal	
  and	
  Physical	
  Sciences	
  

Agenda	
  –	
  Day	
  2	
  

Break	
   15	
  

Adjourn	
  

Robust	
  and	
  Reliable	
  Science	
  
Bogdan	
  Mihailia	
  and	
  Clark	
  Cooper	
  
(Science	
  Advisors,	
  MPS/OAD)	
  

60	
  

Mee'ng	
  with	
  NSF	
  Chief	
  Opera'ng	
  Officer	
  
Richard	
  Buckius	
  (COO,	
  NSF)	
  

Amanda	
  Greenwell	
  (Head,	
  OLPA)	
  

60	
  

General	
  Comments	
  and	
  Discussion	
   60	
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Mathema'cal	
  and	
  Physical	
  Sciences	
  

Image	
  Credits	
  
•  Slide	
  3:	
  

–  “The	
  GEnx	
  Commercial	
  Aircrae	
  Engine.”	
  General	
  Electric	
  Avia@on.	
  Web.	
  19	
  Dec	
  2016.	
  hZp://www.geavia@on.com/commercial/engines/genx/	
  	
  
–  “All	
  Nippon	
  Airways	
  Boeing	
  787-­‐8	
  Dreamliner	
  JA801A	
  OKJ	
  in	
  flight.”	
  Wikimedia	
  Commons.	
  Web.	
  19	
  Dec	
  2016.	
  

hZps://commons.wikimedia.org/wiki/File:All_Nippon_Airways_Boeing_787-­‐8_Dreamliner_JA801A_OKJ_in_flight.jpg	
  	
  

•  Slide	
  4:	
  	
  
–  “The	
  Material	
  Genome	
  Ini@a@ve	
  Strategic	
  Plan.”	
  Na@onal	
  Science	
  and	
  Technology	
  Council.	
  Web.	
  27	
  Dec	
  2016.	
  

hZps://www.whitehouse.gov/mgi	
  	
  

•  Slide	
  7:	
  
–  “UC	
  Santa	
  Barbara	
  Professor	
  of	
  Mechanical	
  Engineering	
  and	
  of	
  Materials	
  Receives	
  Fraunhofer-­‐Bessel	
  Research	
  Award.”	
  The	
  UC	
  Santa	
  Barbara	
  

Current.	
  Web.	
  19	
  Dec	
  2016.	
  
hZp://www.news.ucsb.edu/2013/013583/uc-­‐santa-­‐barbara-­‐professor-­‐mechanical-­‐engineering-­‐and-­‐materials-­‐receives-­‐fraunhofer	
  	
  

–  “Materials	
  Research	
  laboratory	
  at	
  UCSB:	
  An	
  NSF	
  MRSEC:	
  Carlos	
  Levi.”	
  UC	
  Santa	
  Barbara	
  Materials	
  Research	
  Laboratory.	
  Web.	
  19	
  Dec	
  2016.	
  
hZps://www.mrl.ucsb.edu/people/faculty/carlos-­‐levi	
  	
  

–  “Materials	
  Research	
  laboratory	
  at	
  UCSB:	
  An	
  NSF	
  MRSEC:	
  Tresa	
  Pollock.”	
  UC	
  Santa	
  Barbara	
  Materials	
  Research	
  Laboratory.	
  Web.	
  19	
  Dec	
  2016.	
  
hZps://www.mrl.ucsb.edu/people/faculty/tresa-­‐pollock	
  	
  

–  “Chair	
  for	
  Materials	
  Science	
  and	
  Engineering:	
  Ins@tute	
  for	
  Materials:	
  Faculty	
  of	
  Mechanical	
  Engineering:	
  Prof.	
  Dr.-­‐Ing.	
  Gunther	
  Eggeler.”	
  Ruhr-­‐
Universitat	
  Bochum.	
  19	
  Dec	
  2016.	
  hZps://dbs-­‐lin.ruhr-­‐uni-­‐bochum.de/ww/en/team/eggeler.php	
  	
  

–  “Anton	
  Van	
  der	
  Ven	
  Receives	
  NSF	
  CAREER	
  Award.”	
  University	
  of	
  Michigan:	
  Materials	
  Science	
  and	
  Engineering.	
  Web.	
  19	
  Dec	
  2016.	
  
hZp://www.mse.engin.umich.edu/about/news/anton-­‐van-­‐der-­‐ven-­‐receives-­‐nsf-­‐career-­‐award	
  	
  

–  “Buildings	
  &	
  Design	
  Solu@ons	
  Group:	
  Faculty.”	
  UC	
  Santa	
  Barbara:	
  The	
  Ins@tute	
  for	
  Energy	
  Efficiency.	
  Web.	
  19	
  Dec	
  2016.	
  
hZp://transit.iee.ucsb.edu/research/building-­‐systems/faculty	
  	
  

–  “Comic-­‐tanium™:	
  Materials	
  Superheroes.”	
  The	
  Minerals,	
  Metals,	
  and	
  Materials	
  Society.	
  Web.	
  19	
  Dec	
  2016.	
  
hZp://www.tms.org/comictanium/league.aspx	
  	
  

•  Slide	
  8:	
  
–  “Alloy	
  design	
  for	
  aircrae	
  engines.”	
  Tresa	
  M.	
  Pollock,	
  Nature	
  Materials	
  15,	
  809	
  (2016)	
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•  Slide	
  28:	
  

–  “Computer	
  generated	
  image	
  of	
  the	
  whole	
  ATLAS	
  detector.”	
  CERN	
  Document	
  Server.	
  Web.	
  19	
  Dec	
  2016.	
  hZps://cds.cern.ch/record/1095924	
  	
  
–  “Control	
  Soeware	
  of	
  the	
  CMS	
  Experiment	
  at	
  CERN’s	
  Large	
  Hadron	
  Collider.”	
  MCRL2.org.	
  Technische	
  Universiteit	
  Eindhoven.	
  Web.	
  19	
  Dec	
  

2016.	
  hZp://www.mcrl2.org/web/user_manual/showcases/CMS.html	
  	
  

•  Slide	
  29:	
  
–  “Na@onal	
  MagLab	
  racks	
  up	
  new	
  record	
  with	
  hybrid	
  magnet.”	
  Na@onal	
  High	
  Magne@c	
  Field	
  Laboratory.	
  Web.	
  19	
  Dec	
  2016.	
  

hZps://na@onalmaglab.org/news-­‐events/news/na@onal-­‐maglab-­‐racks-­‐up-­‐another-­‐record	
  	
  

•  Slide	
  34:	
  	
  
–  "Jean-­‐Pierre	
  Sauvage	
  -­‐	
  Facts".	
  Nobelprize.org.	
  Nobel	
  Media	
  AB	
  2014.	
  Web.	
  29	
  Nov	
  2016.	
  

hZp://www.nobelprize.org/nobel_prizes/chemistry/laureates/2016/sauvage-­‐facts.html	
  
–  "Sir	
  J.	
  Fraser	
  Stoddart	
  -­‐	
  Facts".	
  Nobelprize.org.	
  Nobel	
  Media	
  AB	
  2014.	
  Web.	
  29	
  Nov	
  2016.	
  

hZp://www.nobelprize.org/nobel_prizes/chemistry/laureates/2016/stoddart-­‐facts.html	
  
–  "Bernard	
  L.	
  Feringa	
  -­‐	
  Facts".	
  Nobelprize.org.	
  Nobel	
  Media	
  AB	
  2014.	
  Web.	
  29	
  Nov	
  2016.	
  

hZp://www.nobelprize.org/nobel_prizes/chemistry/laureates/2016/feringa-­‐facts.html	
  
–  "David	
  J.	
  Thouless	
  -­‐	
  Facts".	
  Nobelprize.org.	
  Nobel	
  Media	
  AB	
  2014.	
  Web.	
  29	
  Nov	
  2016.	
  

hZp://www.nobelprize.org/nobel_prizes/physics/laureates/2016/thouless-­‐facts.html	
  
–  "F.	
  Duncan	
  M.	
  Haldane	
  -­‐	
  Facts".	
  Nobelprize.org.	
  Nobel	
  Media	
  AB	
  2014.	
  Web.	
  29	
  Nov	
  2016.	
  

hZp://www.nobelprize.org/nobel_prizes/physics/laureates/2016/haldane-­‐facts.html	
  
–  "J.	
  Michael	
  Kosterlitz	
  -­‐	
  Facts".	
  Nobelprize.org.	
  Nobel	
  Media	
  AB	
  2014.	
  Web.	
  29	
  Nov	
  2016.	
  

hZp://www.nobelprize.org/nobel_prizes/physics/laureates/2016/kosterlitz-­‐facts.html	
  
–  “The	
  Nobel	
  Prize	
  in	
  Chemistry	
  2016:	
  Popular	
  Science	
  Background:	
  How	
  molecules	
  became	
  machines.”	
  The	
  Royal	
  Swedish	
  Academy	
  of	
  

Sciences.	
  Web.	
  19	
  Dec	
  2016.	
  hZps://www.nobelprize.org/nobel_prizes/chemistry/laureates/2016/popular-­‐chemistryprize2016.pdf	
  	
  
–  “The	
  Nobel	
  Prize	
  in	
  Physics	
  2016:	
  Popular	
  Science	
  Background:	
  Strange	
  phenomena	
  in	
  maZer’s	
  flatlands.”	
  The	
  Royal	
  Swedish	
  Academy	
  of	
  

Sciences.	
  Web.	
  19	
  Dec	
  2016.	
  hZps://www.nobelprize.org/nobel_prizes/physics/laureates/2016/popular-­‐physicsprize2016.pdf	
  	
  

•  Slide	
  35:	
  	
  
–  “Iden@fying	
  Strategic	
  Op@ons	
  for	
  Advancing	
  Quantum	
  Informa@on.”	
  Whitehouse.gov	
  blog.	
  Web.	
  14	
  Dec	
  2016.	
  

hZps://www.whitehouse.gov/blog/2016/10/18/iden@fying-­‐strategic-­‐op@ons-­‐advancing-­‐quantum-­‐informa@on	
  	
  
–  	
  “The	
  Materials	
  Genome	
  Ini@a@ve:	
  The	
  First	
  Five	
  Years.”	
  Whitehouse.gov	
  blog.	
  Web.	
  14	
  Dec	
  2016.	
  

hZps://www.whitehouse.gov/blog/2016/08/01/materials-­‐genome-­‐ini@a@ve-­‐first-­‐five-­‐years	
  	
  

	
  


